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§19. Pressure Driven MHO Instabilities 
Observed in the NBI Heated Plasma on 
LHD 
Takechi, M., Yamamoto, S. (Dep. Energy Eng. Science, 
Nagoya Univ.), Ohdachi, S., Toi, K. 
High performance discharges of LHD are obtained in 
the inward shifted magnetic axis position of the vacuum field 
(Rax = 3.6m) at high toroidal magnetic field (Bt =2. 8 - 2.9T). 
We analyze MHD fluctuations in these types of plasmas, 
where they are heated by balanced NBI, ECW and short pulse 
«0.3s) ICW. The total absorbed power is in Pabs=3-5MW. 
The stored energy, line averaged electron density and plasma 
current are in the range ofWp =150---450 kJ, ne = 1-2xIO I9m-
3 and Ip = 0-50kA, respectively The central electron 
temperature Te(O) reaches 3-3.5ke V. In order to detect MHD 
fluctuations, we installed two sets of soft X-ray detector array 
(SX-array) and ~agnetic probe array which are arranged by 
108 degrees away in the toroidal direction . Each SX-array 
consists of a 40-channel SX detector with I5~m Be filter. 
We have observed two kinds of low frequency 
«10kHz) MHD modes in LHD[I] . Typical time evolution of ' 
the magnetic fluctuations in a helium plasma is shown in 
Fig.I, where Rax = 3.6m, Bt = 2.75T, and the average plasma 
beta value is <~> = 0.2-0.4%. As seen from Fig.l, a 
fundamental mode and the second and third harmonics are 
observed. The mode frequencies evolve in time, exhibiting 
the similar time evolution to Wp. The frequencies are shown 
in Fig. 2 as a function of <~> for various shots obtained in this 
experimental campaign. The toroidal mode number of the 
fundamental mode is determined to be n= 3. Figure 3 (a) 
shows the radial profiles of SX fluctuations related to the 
fundamental mode (f - 2kHz) shown in Fig. 1. If the path 
integral effect is taken into account, the instabilities is 
localized around the l/q= 1 surface(at p-0.9) . The profile of 
the phase indicates that the poloidal mode number is odd 
(Fig.3 (b)). This result is consistent with the result inferred 
from magnetic probes, that is, m=3. Even in the inward 
shifted configuration (Rax=3.6m), the plasma edge region is 
stable against Mercier mode in the present experimental 
condition. Resistive interchange mode is thought to be a 
plausible candidate for these low frequency modes. 
The other mode of f-7kHz is often observed (Fig. I ). 
The mode numbers are m=2 and n= I . Fluctuations of SX are 
not observed in spite of fairly large amplitude of the magnetic 
fluctuations. The mode would exist in the core region, where 
the profile of SX emission is almost tlat. The modes are 
observed on the condition that <~> > 0.3% (Fig. 2) and the 
plasma current reaches a certain level. The 1Iq = 112 rational 
surface is predicted to be at p = 0.3 -0.5 in these shots. The 
increase in <~> andlor in the net plasma current in the co-
direction tends to reduce the magnetic shear at the l/q = 112 
rational surface, and then would lead to destabilization of m 
= 2/n = I ideal interchange mode. 
[I] M. Takechi et aI., to be published in J. Plasma. Fusion 
Res. SERIES (2000). 
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Fig. 1 Typical time evolution of the magnetic tluctuations in a 
helium plasma of LHD. 
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Fig.2 Dependence of the frequencies of the observed magnetic 
fluctuations on the average plasma beta value. 
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Fig.3 (a) Radial profiles of SX tluctuations and the coherence 
between the SX signal of each channel and the magnetic 
probe signal for the mode of frequency f-2kHz observed in 
Fig. I. (b) Radial profile of the phase between each soft X-
ray signal and the magnetic probe signal. 
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